Influence of Trypsin on the Infectivity and Biological Properties of Parainfluenza Type 2 (Croup-associated) Virus in Vero Cells
(Accepted 4 January I98o) SUMMARY A comparative study on the infectivity and biological activities of parainflL enza virus type 2 revealed that one strain (Toshiba) showed c.p.e, with cell fusior and produced plaques in Vero ceils, an established line of African green monkey kidney cells. Another strain (62-M786) of this virus, however, showed minimum c:.p.e. and produced almost no plaques in Veto cells, although c.p.e, appeared and plaques were observed following addition of trypsin. The infectivity titre of the latter strain, estimated by 5o ~o tissue culture infectious doses (TCIDs0), was incr~;ased IO times and plaque counts more than 640o times by addition of an adequate concentration of trypsin: however, trypsin did not affect the infectivity or the former strain. Trypsin also increased the haemolytic activity of strain 62-~/I786 but not that of the Toshiba strain. These results show that the two isolates of parainfluenza virus type 2 were affected very differently by trypsin as regards infectivity, cell fusion and haemolytic activity.
Enzymic treatment is often useful in facilitating entry of myxoviruses into cells by its action in cleaving the haemagglutinin of orthomyxoviruses or the fusion protek of paramyxoviruses; this may allow plaque assays to be performed (Appleyard & Mal,er, I974; Lazarowitz & Choppin, 1975; Nagai et al. I976) . A comparative study of a series c f virulent and avirulent strains of Newcastle disease virus (NDV) elucidated striking differer ces in the susceptibility of their glycoproteins to proteolytic cleavage. With virulent st "ains, the glycoproteins were cleaved in all host systems studied and they exhibited full ~iological activities. With avirulent strains, most host cells produced particles containing lncleaved glycoproteins. Thus, NDV is a suitable model for the investigation of the re ationship between virus pathogenicity and biosynthesis of the virus glycoproteins (Nagai et al. I976). However, little is known about the influence of proteolytic enzymes on the infectivity and biological activities ofparainfluenza virus of human origin. We report here some ~iological differences between two strains of parainfluenza virus type 2 with special reference to the effect of trypsin.
The following strains of parainfluenza virus type 2 were used in this study. The Toshiba strain was obtained from the Toshiba Institute of BioIogical Science, Niigata, Jap~.n and the 62-M786 strain from the Aichi Prefectural Institute of Public Health, Nagoya, JaFan. These strains were used after several passages in Vero cells. Vero cells were grown in Eagle's minimum essential medium (MEM) supplemented with 5 % bovine serum 2 mM-L-;lutamine and o. 12 % sodium bicarbonate. For plaque assays, confluent monolayers of Vero cells were infected with o'I ml of Io-fold serial dilutions of virus in phosphate-buffered saline (PBS). After adsorption for T h at 35 °C, the infected cells were overlaid with 4 ml of I '7o agar in YLE (Eagle's solution containing o'5 ~'o lactalbumin hydrolysate and o-I % yeast extract). Trypsin (Difco, 1:25o) was added at various concentrations in some experimeats. After incubation at 35 °C in a humidified COs incubator for 4 days, cells were stained with neutral red and plaques were counted on the next day. 62-M786 + IO 7.2 6'4 × 1o ~ 0"25 * Fluid medium for TCIDno/ml containing 4 #g/ml trypsin or agar overlay medium for p.f.u./ml containing 8 l*g/ml trypsin was used.
t Each strain of the virus in PBS containing loo HA units per o'o5 ml was divided into two groups. One half was treated with trypsin at ~o ~g/ml for 8 rain at 37 °C and the other half was mock-treated with PBS.
For the titration of virus infectivity by c.p.e, or haemadsorption, Vero cells cultured in microtitre plates were infected with o-I ml of Io-fold serial virus dilutions, adsorbed for I h and further cultured with maintenance medium at 35 °C for 7 days. At the end of incubation, cells were observed for c.p.e, or tested for haemadsorption by adding o.I ml of a 0"5% suspension of guinea-pig erythrocytes in PBS. Titres were expressed as TCID~ 0. In some experiments trypsin was added to the maintenance medium. For haemagglutinin titration, serial twofold dilutions of virus in a 50/tl vol. of PBS were made in microtitre plates, then 50/~1 of a 0"5 % suspension of guinea-pig erythrocytes were added to each well and further incubated at room temperature for 2 h. Titres were read by the pattern method. Assay of the haemolytic activity was done as follows. Virus samples in t ml of PBS were distributed in test tubes, and 2 ml of a 1% suspension of guinea-pig erythrocytes in PBS were added. The test tubes were kept at 4 °C for ~ h and then incubated in a 37 °C water bath for I h with occasional shaking. The erythrocytes were pelleted at I5oo rev/min for I5 rain. The absorbance was measured at 54o nm against a blank obtained by incubating erythrocytes with PBS. Table I summarizes the effect of trypsin on the infectivity and biological activities of both strains of parainfluenza virus type 2. Since the preliminary experiment showed that the optimal final concentration of trypsin was 8/~g/ml for plaques or 4#g/ml for quantal assays respectively, the concentrations mentioned above were used in all subsequent studies. For the Toshiba strain, the ratio TCIDs0/p.f.u. was o'5, indicating a high plating efficiency for the plaque method. Trypsin had no effect on the infectivity titre or haemolytic activity of the Toshiba strain. However, the infectivity titre of the 62-M786 strain in plaque assays was increased more than 6ooo times, whereas the increase was only Io times in quantal assays. In the case of the latter strain, the ratio TCIDs0/p.f.u. was 2"5 in the presence of trypsin. This result also indicated that plaque counts for the 62-M786 strain with trypsin constituted a reliable method for assay of infective virus.
For many viruses of the paramyxovirus group, it is well known that the haemolysis is associated with the cell-fusion activity. Therefore, the effect of trypsin on the haemolytic activity was studied with both strains of parainfluenza virus type 2. As shown in Table ~ , the haemolytic activity of the 62-M786 strain was increased about three times by the addition of Io/tg/ml trypsin, whereas no such effect was observed in the case of the Toshiba strain.
In the next experiment, the Toshiba and the 62-M786 strains were studied for the kinetics of virus replication ; only the fluid phase of the culture was assayed for infectious virus. When Vero cells were infected with the Toshiba strain at an indicated input m.o.i., growth curves were almost equal when the virus was grown with 4/tg/ml trypsin before plaque assay and assayed for infectivity with 8/tg/ml trypsin, grown without trypsin and (a, b) and the 62-M786 (c, d) strains of parainftuenza virus type 2 in Vero ceils at an m.o.i, of (a) 3, (by o'03, (c) 2 and (d) o.02. L~--L~, Grown with 4 #g/ml trypsin and assayed for infectivity with 8/tg/ml trypsin; C~--~, grown without trypsin and assayed for infectivity with 8/zg/mt trypsin; 0--0, grown without trypsin and assayed for infectivity without trypsin. assayed with 8/,g/ml trypsin, or both grown and assayed without trypsin as shown in Fig. r (a) (m.o.i.o.o2) show that the titre of infectivity of this strain of parainfluenza virus type 2, when grown with 4/zg/ml trypsin and assayed with 8/tg/ml trypsin, was about ~o times higher than that grown without trypsin and assayed with 8/~g/ml trypsin. Few or no plaques were detected when the 62-M786 strain of parainfluenza virus type 2 was grown and assayed without trypsin or when it was grown with trypsin and assayed without it (data not shown). These findings suggest that the Tohsiba strain of parainfluenza virus type 2 is not trypsin sensitive, whereas the 62-M786 strain is; the presence of trypsin is necessary for plaque formation by the 62-M786 strain.
From these studies, it is clear that the two strains of parainfluenza virus type 2 are essen- The present studies revealed that infectivity and haemolytic and fusion activities of the 62-M786 strain of parainfluenza virus type 2 were clearly increased by the addition of a suitable concentration of trypsin. The significant disparity between the increased infectivity of the 62-M786 strain with trypsin treatment as measured either by TCIDso units (io-fold increase) or p.f.u.
(> 64oo-fold increase) may be explained as follows. Cleavage of the fusion protein of the 62-M786 strain is much more dependent on the presence of trypsin than that of the haemagglutinin protein. For plaque formation by parainfluenza virus type 2, fusion of infected Vero cells is essential. Thus, the titre in p.f.u, of the 62-M786 strain is much more influenced by the addition of trypsin. Although the protein components of parainfluenza viruses of human origin have not been determined, so as to enable precise clarification of the mechanism by which the trypsin influences the parainfluenza virus type 2, these results suggest the presence of insufficiently cleaved fusion protein and a partially cleaved haemagglutinin protein in the 62-M786 strain, which are not fully activated without the presence of trypsin, whereas those of the Toshiba strain are completely activated without it. Further studies on the protein components and biological activities of parainfluenza viruses of human origin are to be undertaken.
